Nectin is an immunoglobulin-like adhesion molecule that comprises a family consisting of four members, nectin-1, -2, -3, and -4. Nectin is associated with the actin cytoskeleton through afadin, a nectin-and actin ®lament-binding protein. The nectin-afadin and cadherin-catenin systems are associated with each other and cooperatively form cell ± cell adherens junctions in intact epithelial cells. HSC-39 cells, a human signet ring cell gastric cancer cell line, express E-cadherin but do not form cell ± cell adhesion. The b-catenin gene has been shown to be truncated at the N-terminal region including the acatenin-binding domain in HSC-39 cells, but overexpression of normal b-catenin failed to form cell ± cell adhesion. HSC-39 cells expressed nectin-1, -2, and afadin, but not nectin-3. Overexpression of nectin-3 or -2 formed cell ± cell adhesion and accumulation of Ecadherin, but not actin ®laments, at the cell ± cell adhesion sites. Overexpression of a truncated form of nectin-2 incapable of interacting with afadin failed to form cell ± cell adhesion. However, the nectin-formed cell ± cell adhesion was not so strong as that observed in epithelial cells, such as CaCo-2 cells. Co-expression of nectin-2 and normal b-catenin did not form strong cell ± cell adhesion. These results suggest that an unidenti®ed mechanism, by which nectin and E-cadherin form the actin cytoskeleton-associated adherens junctions to form strong cell ± cell adhesion, is impaired in HSC-39 cells.
Introduction
In about 50% of carcinomas with highly invasive and metastatic nature, mutations of the components of the E-cadherin-catenin system have been reported (Shiozaki et al., 1991) . E-Cadherin functions as a key cell ± cell adhesion molecule in a Ca 2+ -dependent manner at cell ± cell adherens junctions (AJs) in intact epithelial cells (Takeichi, 1991; Kemler, 1992; Marrs and Nelson, 1996; Yap et al., 1997) . The cytoplasmic region of Ecadherin is directly associated with b-catenin which directly interacts with a-catenin (Ozawa et al., 1989; McCrea et al., 1991; Nagafuchi et al., 1991; Oda et al., 1993) . a-Catenin directly binds to actin ®laments (Factin) (Rimm et al., 1995) and two other F-actinbinding proteins, vinculin and a-actinin (Knudsen et al., 1995; Watabe-Uchida et al., 1998; Weiss et al., 1998) . Thus, E-cadherin is indirectly linked to the actin cytoskeleton through these peripheral membrane proteins. These peripheral membrane proteins together with E-cadherin play important roles in the formation and maintenance of cell ± cell AJs (Takeichi, 1991) . The E-cadherin-catenin system is furthermore required for organization of tight junctions (TJs) and desmosomes in epithelial cells (Gumbiner and Simons, 1986; Gumbiner et al., 1988; Watabe et al., 1994) . Thus, the mutational inactivation or reduced function of the E-cadherin-catenin system inevitably leads to abnormal E-cadherin-mediated cell ± cell adhesion. However, in the carcinomas of which the E-cadherin-catenin system is intact, the causative gene mutations responsible for their highly invasive and metastatic nature have not been identi®ed.
The nectin-afadin system is another cell ± cell adhesion system at AJs (Mandai et al., 1997; Miyahara et al., 2000; Satoh-Horikawa et al., 2000) . Nectin is a Ca 2+ -independent immunoglobulinlike cell ± cell adhesion molecule Lopez et al., 1998; Takahashi et al., 1999) . This adhesion molecule was originally isolated as the poliovirus receptor-related protein and has recently been shown to serve as an a-herpes virus entry and cell ± cell spread mediator (Cocchi et al., 1998; Geraghty et al., 1998; Warner et al., 1998; Lopez et al., 2000; Sakisaka et al., 2001) . Nectin comprises a family consisting of four members, nectin-1, -2, -3, and -4, and each of nectin-1, -2, and -3 has two or three splicing variants: nectin-1a, -1b, -2a, -2d, -3a, -3b, and -3g (Morrison and Racaniello, 1992; Aoki et al., 1994; Lopez et al., 1995; EberleÂ et al., 1995; Cocchi et al., 1998; Satoh-Horikawa et al., 2000; Reymond et al., 2001) . Each member of the nectin family forms a homo-cis-dimer, followed by formation of a homotrans-dimer, causing cell ± cell adhesion Miyahara et al., 2000; Satoh-Horikawa et al., 2000; Sakisaka et al., 2001; Reymond et al., 2001) . Nectin-3 furthermore forms a hetero-trans-dimer with either nectin-1 or -2 and the formation of each heterotrans-dimer is stronger than that of each homo-transdimer . Nectin-4 also forms a hetero-trans-dimer with nectin-1 and the formation of the hetero-trans-dimer is stronger than that of the homo-trans-dimer (Reymond et al., 2001) . All the members except nectin-1b, -3g and -4 have a Cterminal conserved motif of four amino acid (aa) residues (E/A-X-Y-V) which interacts with the PDZ domain of afadin SatohHorikawa et al., 2000) . Nectin-4 does not have the conserved motif, but interacts with the PDZ domain of afadin through its C-terminus (Reymond et al., 2001) . Afadin has at least two splicing variants, 1-and safadins. 1-Afadin, a larger splicing variant, is an F-actinbinding protein with one PDZ domain and three proline-rich domains and connects nectin to the actin cytoskeleton (Mandai et al., 1997; Takahashi et al., 1999) . s-Afadin, a smaller splicing variant, has one PDZ domain but lacks the F-actin-binding domain and the third proline-rich domain (Mandai et al., 1997) . Human s-afadin is identical to the product of the AF-6 gene that has been identi®ed as an ALL-1 fusion partner involved in acute myeloid leukemia (Prasad et al., 1993) . For the purpose of this study, we will refer to 1-afadin simply as afadin. The nectin-afadin system is ubiquitously expressed not only in epithelial cells but also in nonepithelial cells lacking TJs, such as ®broblasts and neurons (Mandai et al., 1997; Takahashi et al., 1999; Nishioka et al., 2000; Mizoguchi et al., 2002) .
We have obtained several lines of evidence that the nectin-afadin system plays an important role in the formation of AJs in cooperation with the E-cadherincatenin system: (1) the nectin-afadin system is strictly con®ned to AJs, which are undercoated with F-actin bundles in polarized epithelial cells, whereas the Ecadherin-catenin system is more widely distributed from AJs to the basal area along the lateral membrane (Mandai et al., 1997; Takahashi et al., 1999) ; (2) studies using afadin (7/7) mice and (7/7) embryoid bodies indicate that the proper organization of AJs and TJs are markedly impaired in epithelial cells (Ikeda et al., 1999) ; (3) cadherin-de®cient L ®broblasts stably expressing nectin-1 (nectin-1-L cells) form cell ± cell adhesion in an E-cadherin-independent manner, and the nectin-1-afadin system recruits the E-cadherincatenin system without the formation of the transdimmer of E-cadherin to the nectin-1-based cell ± cell adhesion formed between nectin-1-L cells and L cells stably expressing both E-cadherin and nectin-1 (nectin-1-EL cells) ; and (4) at the initial stage during the formation of AJs and TJs, primordial spot-like cell ± cell junctions are ®rst formed at the tips of the cellular protrusions radiating from adjacent cells (Yonemura et al., 1995; Ando-Akatsuka et al., 1999; Adams et al., 1998; Vasioukhin et al., 2000) , and the E-cadherin-catenin and nectin-afadin systems colocalize to the primordial junctions where claudin is not concentrated (Ando-Akatsuka et al., 1999; Asakura et al., 1999; . Consistent with our results, nectin-1 has recently been determined by positional cloning to be responsible for cleft lip/palate-ectodermal dysplasia, which is characterized by cleft lip/palate, syndactyly, mental retardation, and ectodermal dysplasia (Suzuki et al., 2000) . HSC-39 cells, a human signet ring cell gastric cancer cell line, express E-cadherin and b-and a-catenins but grow in suspension, form loose clusters, and do not form AJs (Yanagihara et al., 1991) . The cells in the clusters do not show strong cell ± cell adhesion and are easily scattered by pipetting. The b-catenin gene has been shown to be truncated at the N-terminal region including the a-catenin-binding domain (Oyama et al., 1994; Kawanishi et al., 1995) . Because the linkage of Ecadherin to the actin cytoskeleton through catenins strengthens the cell ± cell adhesion activity of E-cadherin (Imamura et al., 1999) , the mutation of b-catenin may explain the weak cell ± cell adhesion activity of Ecadherin. However, we have found that overexpression of normal b-catenin does not restore the cell ± cell adhesion activity of E-cadherin. Therefore, we examined here whether the components of the nectin-afadin system are impaired in HSC-39 cells. In this study, we use`cell ± cell contact',`cell ± cell adhesion', and`cell ± cell junctions' by dierent de®nitions. The`cell ± cell contact' is de®ned as cell ± cell contact at which sites neither Ecadherin, nectin, nor F-actin is concentrated; the`cell ± cell adhesion' is de®ned as cell ± cell contact at which sites E-cadherin and/or nectin, but not F-actin, is concentrated; and the`cell ± cell junctions' is de®ned as the cell ± cell contact at which sites E-cadherin, nectin, and F-actin are concentrated.
Results

Morphology of HSC-39 cells
As described previously (Yanagihara et al., 1991) , HSC-39 cells grew in suspension and most cells formed The cDNA fragments of nectin were ampli®ed by RT ± PCR, followed by agarose gel electrophoresis. The primer pairs used were s2 ± a2 for nectin-1a, s6 ± a6 for nectin-1b, s4 ± a4 for nectin-2a, s5 ± a5 for nectin-2d, and s10 ± a10 for the nectin-3 splicing variants. Other three pairs of the primers speci®c for nectin-1b (s7 ± a7, s8 ± a8, and s9 ± a9) and other two pairs of the primers speci®c for the nectin-3 splicing variants (s11 ± a11 and s12 ± a12) did not amplify the mRNAs (data not shown). N1a, nectin-1a; N1b, nectin-1b; N2a, nectin-2a; N2d, nectin-2d; and N3a, nectin-3a loose clusters ( Figure 1a1 ). The cells in the clusters did not show strong cell ± cell adhesion. They were easily scattered by pipetting (Figure 1a2 ), but the scattered cells reclustered within 1 h ( Figure 1a3 ). HSC-39 cells expressed E-cadherin, but it was not concentrated at cell ± cell contact sites ( Figure 1b1 ). HSC-39 cells had another interesting feature: about 60% of the cells had a single bud-like structure where E-cadherin was highly concentrated ( Figure 1b1 , 1b2 and 1b3). The bud-like structure was observed similarly in both the clustered and single cells (data not shown).
Expression levels and localization of the components of the E-cadherin-catenin and nectin-afadin systems in HSC-39 cells
We examined the expression levels of the components of the E-cadherin-catenin and nectin-afadin systems. The expression levels of the E-cadherin, a-and gcatenins, nectin-2a and -2d, and afadin proteins were similar to those in another epithelial cell line, CaCo-2, as estimated by Western blotting (Figure 2a ,b). CaCo-2 cells formed cell ± cell junctions where all of these components and F-actin were concentrated (data not shown). b-catenin was expressed in HSC-39 cells but its size was smaller than the native one as described (Oyama et al., 1994; Kawanishi et al., 1995) ( Figure  2a ). Neither nectin-1a nor -3a was detected by Western blotting in HSC-39 cells. Because the speci®c antibodies (Abs) against nectin-1b, -3b, and -3g were currently unavailable, we examined expression of their mRNAs by reverse transcriptase-polymerase chain reaction (RT ± PCR). The nectin-1a, -2a, and -2d mRNAs were detected, but the nectin-1b or -3a mRNA was not detected under the same conditions ( Figure 2c ). These results indicate that none of the splicing variants of nectin-3 is expressed in HSC-39 cells, because the primer pair used for the detection of the nectin-3a mRNA is designed to amplify the extracellular region of nectin-3a, which is identical among the three nectin-3 splicing variants (SatohHorikawa et al., 2000) . The nectin-1a mRNA was ampli®ed, but its protein molecule was not detected by Western blotting. This might be due to the low titer of the anti-nectin-1a Ab. No mutation was found in the PCR-ampli®ed fragment of nectin-1a, -2a, or -2d (data not shown). In CaCo-2 cells, the nectin-1a and -3a mRNAs were ampli®ed by RT ± PCR, although their protein molecules were not detected by Western blotting (data not shown). The expression of nectin-4 in HSC-39 cells was not examined, because it has been shown to be expressed mainly in placenta (Reymond et al., 2001) . Confocal microscopic analysis showed that Ecadherin, a-, b-, and g-catenins, afadin and F-actin were concentrated at the bud-like structure (Figure 3 ), although none of them was concentrated at the cell ± cell contact sites (data not shown). Nectin-1a, -2a, and -2d were faintly stained at the bud-like structures, but not concentrated there (Figure 3 ). None of them was concentrated at the cell ± cell contact sites (data not shown).
No restoration of the E-cadherin-based cell ± cell adhesion by expression of normal b-catenin It has been reported that the N-terminal region of the b-catenin gene including the a-catenin-binding domain is partly truncated in HSC-39 cells (Oyama et al., 1994; Kawanishi et al., 1995) , and that overexpression of normal b-catenin restores the cell ± cell adhesion activity of E-cadherin (Kawanishi et al., 1995) . We ®rst, therefore, re-examined this result. We established HSC-39 cells stably expressing myc-tagged normal b-catenin (b-catenin-HSC-39 cells). The expression level of the exogenous protein was almost the same as that of the endogenous mutated protein (data not shown). However, inconsistent with the earlier observation (Kawanishi et al., 1995) , b-catenin-HSC-39 cells showed the similar morphological phenotypes to those of wild-type HSC-39 cells: the cells did not show cell ± cell adhesion; E-cadherin did not accumulate at the cell ± cell contact sites; and the bud-like structure did not disappear (Figure 4 ).
Formation of cell ± cell adhesion, but not cell ± cell junctions, by expression of nectin-3 or -2 Because nectin-3 was not expressed in HSC-39 cells, we ®rst established HSC-39 cells stably expressing full-length nectin-3a capable of interacting with afadin (nectin-3a-full-HSC-39 cells), to examine whether overexpression of nectin-3a forms cell ± cell adhesion or junctions. In this cell line, the bud-like structure disappeared and cell ± cell adhesion was formed, where E-cadherin, a-, b-, and g-catenins, nectin-3a, and afadin were concentrated ( Figure 5 ). However, F-actin was not concentrated at the cell ± cell adhesion sites more than the free surface of the plasma membrane. In addition, nectin-3a and afadin, but not E-cadherin or a-, b-, or g-catenin, were clearly stained along the free surface of the plasma membrane. E-Cadherin shows strong cell ± cell adhesion activity in epithelial cells, such as MDCK and CaCo-2 cells: the cells are compacted, the cell boundaries are invisible by phase contrast microscopy and the cells are not dispersed by pipetting (Adamson et al., 1990) . In contrast, nectin-3a-full-HSC-39 cells did not show such strong cell ± cell adhesion activity: the cells were not compacted, the cell boundaries were visible by phase contrast microscopy, and the cells were dispersed by pipetting We then established HSC-39 cells stably expressing full-length nectin-2a (nectin-2a-full-HSC-39 cells). Nectin-2a-full-HSC-39 cells also showed the similar phenotypes to those of nectin-3a-full-HSC-39 cells except that nectin-2a formed multiple patch-like structures along the free surface of the plasma membrane, where full-length nectin-2a and afadin, but not E-cadherin, a-, b-, or g-catenin, were concentrated ( Figure 7) . Nectin-3a detected along the free surface of the plasma membrane of nectin-3a-full- Figure 5 Localization of the components of the E-cadherin-catenin and nectin-afadin systems in nectin-3a-full-HSC-39 cells. The cells were doubly stained with various combinations of the anti-nectin-3a, anti-afadin, anti-E-cadherin, anti-a-catenin, anti-bcatenin, and anti-g-catenin Abs, and rhodamine-phalloidine. It may be noted that the structures stained with nectin-3a along the free surface of the plasma membrane did not contain E-cadherin or a-, b-, or g-catenin, but that E-cadherin and a-, b-, and g-catenins were sometimes detected on intracellular vesicles. Arrows, nectin-3a staining along the free surface of the plasma membrane. Bars, 10 mm. The results shown are representative of three independent experiments a b HSC-39 cells might form similar patch-like structures, which were diusely formed and did not form clear punctate structures (see Figure 5 ). These results indicate that overexpression of either nectin-2a or -3a shows three similar actions: (1) formation of the nectinand E-cadherin-based cell ± cell adhesion; (2) formation of patch-like structures of nectin; and (3) disappearance of the bud-like structure.
Necessity of the interaction of nectin with afadin for the formation of the nectin-and E-cadherin-based cell ± cell adhesion
We have previously shown that nectin is associated with E-cadherin through afadin and a-catenin . We therefore examined whether the interaction of nectin with afadin is necessary for the formation of the nectin-and Ecadherin-based cell ± cell adhesion. For this purpose, we made HSC-39 cells stably expressing truncated nectin-2a incapable of interacting with afadin (nectin2a-DC-HSC-39 cells). In this cell line, the cell ± cell adhesion was not formed and neither nectin-2a-DC nor E-cadherin was concentrated at the cell ± cell contact sites (Figure 8 ). The bud-like structure disappeared and the patch-like structure was not formed. Fluorescence-activated cell sorting analysis showed that exogenously expressed nectin-2a-DC was detected on the plasma membrane, suggesting that it was diusely distributed on the plasma membrane (data not shown). These results indicate that the interaction of nectin with afadin is necessary for the formation of the nectin-and E-cadherin-based cell ± cell adhesion. It may be noted that the bud-like structure disappears in nectin-2a-DC-HSC-39 cells as well as nectin-2a-and nectin-3a-HSC-39 cells. However, it remains unknown how the bud-like structure disappears in these cells and how it is formed in wild-type HSC-39 cells.
Failure of formation of the E-cadherin-based cell ± cell junctions by co-expression of nectin-2a and normal b-catenin
In the last set of experiments, we established HSC-39 cells stably co-expressing nectin-2a and myc-tagged normal b-catenin (b-catenin-nectin-2a-HSC-39 cells), to examine whether co-expression of nectin-2a and bcatenin forms cell ± cell junctions. The expression level of exogenous b-catenin was similar to that of the endogenous mutated protein (data not shown). bCatenin-nectin-2a-HSC-39 cells showed similar phenotypes to those of nectin-2a-HSC-39 cells: the cells did not show strong cell ± cell adhesion, the cell boundaries were visible, and the clustered cells were easily dispersed by pipetting to the degrees similar to those of nectin-2a-HSC-39 cells (data not shown). These results indicate that co-expression of nectin and normal b-catenin is not sucient for the formation of the nectin-and E-cadherin-based cell ± cell junctions.
Discussion
We have ®rst con®rmed here the earlier observations that HSC-39 cells express E-cadherin but do not form cell ± cell adhesion or junctions (Yanagihara et al., 1991; Oyama et al., 1994; Kawanishi et al., 1995) . We have then found here that HSC-39 cells express the components of not only the E-cadherin-catenin system but also the nectin-afadin system. Of the latter system, nectin-1, -2, and afadin are expressed to extents similar to those in other control epithelial cells, which form cell ± cell junctions. However, nectin-3, showing the strongest cell ± cell adhesion activity by interacting with nectin-1 or -2 (Satoh-Horikawa et al., 2000), is not expressed in HSC-39 cells. Most clustered HSC-39 cells do not form cell ± cell adhesion or junctions where any component of these two cell ± cell adhesion systems is concentrated. Instead of the cell ± cell adhesion or junctions, the cells have a single bud-like structure where E-cadherin, catenins, and afadin are highly concentrated. Endogenous nectins, nectin-1a, -2a, and -2d are not concentrated there. Therefore, the ®rst possible mechanism by which E-cadherin does not form cell ± cell adhesion in wild-type HSC-39 cells may be de®ciency of nectin-3. Consistently, overexpression of nectin-3a forms cell ± cell adhesion where the components of both the nectin-afadin and E-cadherin-catenin systems are concentrated. However, it remains unknown whether the original non-transformed gastric cells express nectin-3 and whether nectin-3 is lost by transformation. The reason why endogenous nectins are not concentrated at the budlike structure in wild-type HSC-39 cells in spite of the presence of afadin there is unknown, either. We have previously shown that nectin and Ecadherin are associated through afadin and a-catenin . These two proteins directly interact with each other to a small extent but another factor or post-translational modi®cation of either afadin, a-catenin, or both may be furthermore necessary for the sucient interaction. We have shown here that HSC-39 cells express nectin-2 to an amount comparable to that of Caco-2 cells, but that this amount is not sucient for the formation of cell ± cell adhesion, and that overexpression of nectin-2a forms cell ± cell adhesion where the components of both the nectin-afadin and E-cadherin-catenin systems are concentrated. Therefore, the second possible mechanism by which E-cadherin does not form cell ± cell adhesion in wild-type HSC-39 cells may be the insucient linkage between the endogenous cadherincatenin and nectin-afadin systems, and that this insucient linkage may be due to the reduction of the ability of the components involved in the linkage of these two cell ± cell adhesion systems. It may be noted that the cells overexpressing nectin-3a or -2a do not form cell ± cell junctions where F-actin is concentrated and that the cells do not form so strong cell ± cell adhesion activity as that of intact epithelial cells. The components involved in the linkage of the nectinafadin and cadherin ± catenin systems may be related to the accumulation of F-actin at the cell ± cell adhesion sites to form cell ± cell junctions which show strong cell ± cell adhesion.
It has been shown that the N-terminal region of the b-catenin gene including the a-catenin-binding domain is partly truncated in HSC-39 cells (Oyama et al., 1994; Kawanishi et al., 1995) . Consistently, we have detected the shorter form of b-catenin. In HSC-39 cells, however, g-catenin is likely to partly substitute for b-catenin to connect E-cadherin to a-catenin, because g-catenin colocalizes with E-cadherin. gCatenin may be involved in the association of nectin and E-cadherin through afadin and a-catenin at the cell ± cell adhesion sites in HSC-39 cells overexpressing nectin-3a or -2a. On the other hand, expression of native b-catenin has been shown to restore the cell ± cell adhesion activity of E-cadherin (Kawanishi et al., 1995) , but we have not reproduced this result and our result inconsistently indicates that expression of native b-catenin does not form cell ± cell adhesion or junctions in wild-type HSC-39 cells. Moreover, coexpression of native b-catenin and nectin-2a does not form cell ± cell junctions. The reason for this inconsistency between the previous and our results is unknown, but our present results indicate that the mutation of the b-catenin gene is not a sole cause for HSC-39 cells to loose cell ± cell junctions, and support the second above mechanism that the ability of an unidenti®ed factor(s) to strengthen the linkage between the E-cadherin-catenin and nectin-afadin systems is reduced. The identi®cation of such a factor(s) and examination of the abnormality of this factor in various carcinomas may be of crucial importance for our understanding of the new mechanisms of carcinogenesis, invasion and metastasis.
We have previously shown that nectin-1 forms cell ± cell adhesion even in the absence of the Ecadherin-catenin system when it is expressed in cadherin-de®cient L cells , although the cell ± cell adhesion activity of nectin-1 is estimated to be weaker than that of E-cadherin, because nectin-1-L cells are not compacted, the cell boundaries are visible by phase contrast microscopy, and the cells are dispersed by pipetting, whereas EL cells are compacted, the cell boundaries are invisible by phase contrast microscopy and the cells are not easily dispersed by pipetting (Honda et al. submitted). We have moreover shown that the nectin-1-afadin system recruits the E-cadherin-catenin system to the nectin-1-based cell ± cell adhesion sites in ®broblasts . The present results, that overexpression of nectin-3a or -2a in HSC-39 cells forms cell ± cell adhesion where the components of the E-cadherin-catenin system are concentrated, are consistent with these earlier observations and indicate that the nectin-afadin system recruits the E-cadherin-catenin system to the nectin-based cell ± cell adhesion sites not only in ®broblasts but also in epithelial cells.
On the other hand, it has been shown by crystallographic analysis using the recombinant E-or Ncadherin molecule that the EC1 domain of E-or Ncadherin forms cis-and trans-dimers (Shapiro et al., 1995; Nagar et al., 1996; Tomschy et al., 1996; Tamura et al., 1998; Pertz et al., 1999) . It has furthermore been shown that the recombinant Ncadherin molecules coated on latex beads recruit cellular N-cadherin, b-catenin, a-catenin and p120 ctn to the bead-cell contact sites (Lambert et al., 2000) . These results indicate that E-or N-cadherin itself has cell ± cell adhesion activity in the absence of the nectin-afadin system. The present results, together with these earlier observations, suggest that the Ecadherin-catenin or nectin-afadin system alone does not show strong cell ± cell adhesion activity, and that the cooperation of the both systems shows stronger cell ± cell adhesion activity.
It may be noted that overexpression of nectin forms patch-like structures that do not form cell ± cell adhesion. The nectin and afadin molecules in the structure are not associated with the E-cadherincatenin system, whereas the nectin-afadin system associated with the E-cadherin-catenin system forms cell ± cell adhesion. These results indicate that when cadherin is not available, nectin forms patch-like structures or cell ± cell adhesion, and that when cadherin is available, nectin is associated with cadherin to form cell ± cell adhesion. The mechanism by which the patch-like structures of nectin are formed is unknown, but the formation requires the interaction of nectin with afadin. We have previously shown that a puri®ed sample of afadin forms a multimer as estimated on sucrose density gradient ultracentrifugation (Mandai et al., 1997) . The nectin molecule associated with afadin forms a multimer, which may cluster by the multimerization of afadin. The physiological signi®cance of the patch-like structures of nectin is currently unknown.
Materials and methods
Construction
Mammalian expression vectors were constructed with pCAGIPuro or pCI-neo (Promega, Madison, WI, USA). Various constructs of mouse nectins contained the following aa: pCAGIPuro-nectin-3a, aa 1± 549 (full length); pCAGIPuro-nectin-2a, aa 1 ± 467 (full length); and pCAGIPuro-nectin-2a-DC, aa 1 ± 463 (Cterminal 4 aa-deleted nectin-2a) Satoh-Horikawa et al., 2000) . pCI-neo-Myc-mouse b-catenin was designed to express the full-length mouse b-catenin with the N-terminal Myc-epitope. The mouse b-catenin cDNA was kindly supplied from Dr Sh Tsukita (Kyoto University, Kyoto, Japan). All the constructs were veri®ed by sequencing.
Cell culture and establishment of transformants HSC-39 cells were maintained in Dulbecco's modi®ed Eagle's medium (DME) supplemented with 10% fetal calf serum. The following HSC-39 cell lines were cloned by introduction of the pCAGIPuro constructs described above: nectin-3a-full-HSC-39 cells, pCAGIPuro-nectin-3a (aa 1 ± 549); nectin-2a-full-HSC-39 cells, pCAGIPuro-nectin-2a (aa 1 ± 467); and nectin-2a-DC-HSC-39 cells, pCAGIPuro-nectin-2a-DC (aa 1 ± 463, C-terminal 4 aa-deleted nectin-2a). To prepare stable transformants, cells were transfected with electroporation. For electroporation, 5610 6 cells, which were suspended in 0.8 ml of PBS with 20 mg of an expression vector, were electroporated at 960 mF and 200 V. The cells were then cultured for 1 day, replated, and selected by culturing in the presence of 2.5 mg/ml of puromycin (Sigma, St. Louis, MO, USA) for 2 weeks. These stable transformants were maintained in DME supplemented with 10% fetal calf serum in the presence of 2.5 mg/ml of puromycin. The numbers of nectin molecules expressed in nectin-3a-full-, nectin-2a-full-, and nectin-2a-DC-HSC-39 cells were 0.6610 7 , 1.5610 7 , and 1.8610 7 molecules per cell, respectively. The numbers of Ecadherin and nectin-2a molecules expressed in wild-type HSC-39 cells were 7.0610 6 and 2.0610 4 molecules per cell, respectively. The HSC-39 cell lines stably expressing normal b-catenin in wild-type HSC-39 cells (b-catenin-HSC-39-cells) or nectin-2a-full-HSC-39 cells (b-catenin-nectin-2a-full-HSC-39-cells) were cloned by introduction of pCI-neo-Myc-mouse b-catenin into wild-type HSC-39 cells or nectin-2a-full-HSC-39 cells, respectively. b-Catenin-HSC-39-and b-cateninnectin-2a-full-HSC-39-cells were maintained in DME supplemented with 10% fetal calf serum in the presence of 800 mg/ ml of G418 (Invitrogen, Carlsbad, CA, USA), and in the presence of 800 mg/ml of G418 and 2.5 mg/ml of puromycin, respectively. An L cell line stably expressing nectin-1a, -2a, or -3a was prepared as described previously Miyahara et al., 2000; Satoh-Horikawa et al., 2000) . CaCo-2 cells were maintained in DME supplemented with 10% fetal calf serum and 1% non-essential amino acids (Invitrogen). NS20Y neuroblastoma cells were maintained in DME supplemented with 10% fetal calf serum.
Abs
A mouse monoclonal anti-afadin Ab, a rabbit polyclonal anti-human nectin-1a Ab, a rabbit polyclonal anti-mouse nectin-2a Ab, a rabbit polyclonal anti-mouse nectin-2d Ab, and a rabbit polyclonal anti-mouse nectin-3a Ab were prepared as described Satoh-Horikawa et al., 2000) . These polyclonal anti-nectin Abs recognized the cytoplasmic regions of nectins. A rat monoclonal anti-E-cadherin Ab (ECCD-2) was used for immuno¯uorescence microscopy. A mouse monoclonal anti-E-cadherin Ab was purchased from BDTransduction Laboratory (Lexington, KY, USA) and was used for Western blotting. A rabbit polyclonal anti-a-catenin Ab, a mouse monoclonal anti-b-catenin Ab, and a mouse monoclonal anti-g-catenin Ab were purchased from Sigma, Santa Cruz Biotechnology (Santa Cruz, CA, USA), and BDTransduction Laboratory, respectively. Hybridoma cells expressing the anti-myc mouse monoclonal Ab (9E10) were purchased from American Type Culture Collection (Manassas, VA, USA).
Immunofluorescence microscopy
HSC-39 cells (1.5610 4 cells in a 100 ml culture medium) were aspirated slowly with a 1 ml large ori®ce tip (product number 119, Quality Scienti®c Plastics) and were cultured for 30 min on a 14 mm glass coverslip (Matsunami, Osaka, Japan), which was coated with poly-L-lysine (molecular weight 30 000 ± 70 000) (Sigma). The cells were then attached on it.
Immuno¯uorescence microscopy was done as described (Mandai et al., 1997; Takahashi et al., 1999) . Brie¯y, the cells attached on a glass coverslip were rinsed in PBS and ®xed with 1% formaldehyde in PBS for 15 min at room temperature. The ®xed cells were treated with 0.2% Triton X-100 in PBS for 15 min and washed three times with PBS. After soaking in PBS containing 1% bovine serum albumin (BSA), the samples were treated with a primary Ab for 1 h in a moist chamber at room temperature. They were then washed three times with PBS containing 0.1% BSA, followed by incubation for 30 min with an appropriate secondary Ab (Chemicon, Temecula, CA, USA). To detect the actin cytoskeleton, rhodamine phalloidin (Molecular Probes, Inc., Eugene, OR, USA) was added. The samples were washed three times with PBS containing 0.1% BSA, embedded in PBS containing 50% glycerol, and examined with a confocal imaging system (Radiance 2000; BioRad, Hercules, CA, USA).
RT ± PCR and sequencing analysis
Total RNA was extracted from cells using ISOGEN kit (Nippon Gene, Toyama, Japan) and reverse-transcribed using Ready-To-Go You-Prime First-Strand Beads (AmershamPharmacia Biotech, Uppsala, Sweden) according to the manufacturers' instructions. The nectin mRNAs were ampli®ed by RT ± PCR. Two primer pairs were designed to amplify the whole open reading frame of nectin-1a (GenBank accession number AF060231). The sequences of the primers were as follows: s1 (5'-AGCTGACCTGGATCCTTCG-3') and al (5'-GGTCCAGTGGTACTCAGTGG-3'); and s2 (5'-GATGGCAACTGGTACCTGC-3') and a2 (5'-GAGCGGT-CACAGACAGAGG-3'). Two primer pairs were designed to amplify the whole open reading frame of nectin-2a (GenBank accession number NM_002856). The sequences of the primers were as follows: s3 (5'-CAGGCACCTACTAAACCGC-3') and a3 (5'-AAGATGACCTGCTCAGCGC-3'); and s4 (5'-TTCAATACCACCTTCGTCTGC-3') and a4 (5'-AGTC-CAACCAGTCTGGAACC-3'). The primer pair, s3 ± a3, cumulatively ampli®ed the extracellular regions of nectin-2a and -2d (GenBank accession number X80038). The sequences of the primers for the cytoplasmic region of nectin-2d were as follows: s5 (5'-CTGCACAGTCACCAATGCC-3') and a5 (5'-ACAGGTGAGATGTGAGACGC-3'). The PCR fragments of s1 ± a1, s2 ± a2, s3 ± a3, s4 ± a4, and s5 ± a5 were cloned using TOPO TA Cloning Kit (Invitrogen, Carlsbad, CA, USA) and sequenced. Four primer pairs were designed to amplify the cytoplasmic region of nectin-1b (GenBank accession number AF110314). The sequences of the primers were as follows: s6 (5'-CTTCTTCCTGTACAACCGGC-3') and a6 (5'-GAATGGTCTGTCCAGCATCC-3'); s7 (5'-GG-ACCTACATCTGTGAGGCC-3') and a7 (5'-CCTCCACCT-CATCTGTCTGG-3'); s8 (5'-ACTGAGTACCACTGGAC-CACG-3') and a8 (5'-GCAAGTCCTCCTCTTCTTGC-3'); and s9 (5'-CGTGTTCCTCATCCTAGTTGC-3') and a9 (5'-CCTCCACCTCATCTGTCTGG-3'). Three primer pairs speci®c for the extracellular region of nectin-3a (GenBank accession number NM_015480), which were designed to cumulatively amplify the three nectin-3 splicing variants, were as follows: s10 (5'-ACTGTTGCAGTTCACCATCC-3') and a10 (5'-CCAGTCAATATGTGCAACGG-3'); s11 (5'-TCCTCCGCTTCTCTCCTCG-3') and a11 (5'-TGGCTGA-TAATCGTTGCCG-3'); and s12 (5'-GCTGGACCAATT-ATTGTGGAGC-3') and a12 (5'-AGGCCATTGTCCATC-CAACC-3'). All the primer pairs described above were con®rmed to amplify the desired fragments using a human testis or brain cDNA as a template. The PCR reactions contained 2 mM MgCl 2 and 1.25 U Pyrobest DNA polymerase (Takara Shuzo, Shiga, Japan).
Other procedures
DNA sequencing was performed by the dideoxynucleotide termination method using a DNA sequencer, ABI PRISM 3100 (Applied Biosystems, Foster City, CA, USA). Protein concentrations were determined with BSA as a reference protein (Bradford, 1976) . SDS-polyacrylamide gel electrophoresis was done as described (Laemmli, 1970) .
